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Abstract
Quintessence and k-essence have been proposed as candidates for
the dark energy component of the universe that would be responsible
of the currently observed accelerated expansion. In this paper we
investigate the degree of resemblance between those two theoretical
setups, and find that every quintessence model can be viewed as a
k-essence model generated by a kinetic linear function. In addition,
we show the true effects of k-essence begin at second order in the
expansion of the kinetic function in powers of the kinetic energy.
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1 Introduction
Observations indicate that type Ia high redshift supernovae (SNIa) are dim-
mer than expected [1], and the mainstream interpretation of this result is
that the universe is currently undergoing accelerated expansion driven by
dark energy with negative pressure. Further observations, like those of the
Cosmic Microwave Background (CMB) or Large Scale structures (LSS), sug-
gest that two thirds of the energy density of the universe correspond to dark
energy. Among several others, scalar field models have been proposed as
candidates for dark energy, and have therefore received significant attention.
Simplicity and economy has made researchers focus mainly on single field
cases, which fall into two classes: quintessence models (see [2] for early pa-
pers) and k-essence models [3, 4, 5, 6, 7] (the precursor of the concept of
k-essence was k-inflation [8]). The difference between those two setups is
that k-essence cosmologies, unlike quintessence ones, are derived form La-
grangians with non-canonical kinematic terms. More specifically, given that
the equations of motion in all classical theories seem to be of second order, the
non-canonical terms considered in the Lagrangian will only be combinations
of the square of the gradient of the scalar field.
Any suitable quintessence or k-essence model should provide a satisfac-
tory explanation to the cosmic coincidence problem (why the dark energy
component universe dominates only recently over the dark matter one). One
can devise situations with scalar fields with potentials that go to zero asymp-
totically. These can have cosmologically interesting properties, including
“tracking” behavior that makes the current energy density largely indepen-
dent of the initial conditions, but unfortunately the era in which the scalar
field begins to dominate can only be set by fine-tuning the parameters in
the theory. A possible remedy is to consider a dissipative matter component
interacting with dark energy [9]. However, in k-essence models the solution
seems not to require the consideration of dissipation. Even for potentials
that are not shallow, the nonlinear kinetic terms lead to dynamical attractor
behavior that permits the avoidance of the cosmic coincidence problem.
Quintessence cosmologies have been exhaustively tested using CMB and
SNIa data mainly. This has resulted in constraints on the allowed shape of
the quintessence potential. In [10] it was found that Wilkinson Microwave
Anisotropy Probe (WMAP) data alone constrain the equation of state of
tracking dark energy to be p/ρ ≤ −0.67 (in compatibility with the bound
given in [11]); this result implies for an inverse law potential an exponent
smaller than 0.99. Other works devoted to the same issue are [12] and [13],
although they use the valuable but less refined BOOMERANG data set.
As far as k-essence models are concerned, the works which deal with ob-
servations and k-essence from a general perspective are just a few [14, 15].
In Ref. [14] it is suggested that supernovae data alone would not be able
to distinguish between k-essence and quintessence. Besides, in [6] it was
discussed the correspondence between quintessence governed by a exponen-
tial potential and k-essence with a linear kinetic function F driven by an
inverse square potential. In that reference it was imposed that the geometry
generated by quintessence and k-essence be the same (identical scale factor)
together with the same requirement on the potential (specifically, that the
potentials driving quintessence and k-essence be equal as function of cos-
mological time). These requirements lead to different but non independent
fields for quintessence and k-essence.
In this paper we contribute to gaining more insight on the degree of resem-
blance between quintessence and k-essence by extending the results presented
in [6] to quintessence driven by an arbitrary potential. First, in Section 2 we
consider the case of a Friedman-Robertson-Walker geometry and homoge-
neous fields, and find which is the structure of the kinetic function of the k-
essence models which can be viewed as kinematically equivalent quintessence
models, that is, as having the same geometry. This is done by imposing the
validity of this equivalence for whichever quintessence and k-essence field,
which means neither the quintessence nor the k-essence field depend on their
derivative. Then, in Section 3, starting from the knowledge gained in the
simple homogeneous case, we study the situation for arbitrary spacetimes
and inhomogeneous fields, and demonstrate that if the kinetic function has
the same structure as in the earlier case then the identification follows as well.
Finally, in Section 4 we summarize our main results. Our findings suggest
that the debate of whether to opt for quintessence or k-essence should rather
be reformulated in terms of which is the most convenient type of k-essence.
2 Identification arising from geometry
A possible way to compare quintessence and k-essence is through observa-
tions. As discussed in [14], in order to fit the supernova data with a given
quintessence or k-essence model, a choice of a model-independent fitting func-
tion for the apparent magnitude m(z) must be done. It turns out that the
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fitting function with the best fit is derived using an expansion of the equation
of state parameter w(z) in powers of z, i.e., only kinematical aspects (the
geometry) of the problem are taken into account, and the outcome is an am-
biguity that makes it impossible two distinguish between the two theories.
Nevertheless, in [14] the remark is made that since the speed of sound of
k-essence is not unity as in quintessence models perhaps an analysis using
CMB data would be able to detect some signal of k-essence. The prospect
of some success rests on the fact that in such case dynamical aspects (the
potential) would also be accounted for. Interestingly, imposing the dynam-
ical condition that the quintessence and k-essence potentials be identical as
in [6] does not remove the ambiguity.
For all these reasons, we address the same problem from a more intrinsic
point of view. We first establish that for any quintessence model there is a k-
essence model which is kinematically equivalent to the former, i.e., they share
the same geometry and the same potential as a function of the cosmological
time. Note that our argument is different from that in [5], where the objective
was to write any k-essence model like a quintessence one.
Let us restrict ourselves for the time being to the cosmological setting
corresponding to a flat universe described by the Friedman-Robertson-Walker
(FRW) metric. The equations of motion for the gravitational field gµν in a
universe with metric ds2 = −dt2 + a2(t)(dx2 + dy2 + dz2) filled with an
homogeneous quintessence field (q-field) ϕ minimally coupled to gravity as
derived from the action
S = −
∫
dx4
√−g
(
R
2
+
1
2
ϕ,µϕ
,µ + U(ϕ)
)
, (1)
are the Einstein equations below:
3H2 =
1
2
ϕ˙2 + U(ϕ), (2)
H˙ = −1
2
ϕ˙2. (3)
In turn these equations imply
ϕ¨+ 3Hϕ˙+
∂U
∂ϕ
= 0, (4)
which is the Klein-Gordon equation for the scalar field ϕ.
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In contrast, a k-field φ minimally coupled to gravity is defined by the
action [17]
S = −
∫
dx4
√−g
(
R
2
+ Lk(φ,X)
)
, (5)
where Lk(φ,X) is an arbitrary function of φ and of the kinetic termX = −φ˙2.
For this field the Einstein equations become (see again [17])
3H2 = Lk − 2X∂Lk
∂X
, (6)
H˙ = X
∂Lk
∂X
, (7)
while the k-field equation is
[
∂Lk
∂X
+ 2X
∂2Lk
∂X2
]
φ¨+ 3H
∂Lk
∂X
φ˙+
1
2
∂
∂φ
[
Lk − 2X∂Lk
∂X
]
= 0. (8)
Let us look for the conditions under which quintessence and k-essence
lead to the same geometry, i.e., the same scale factor. From Eqs. (2)-(3) and
(6)-(7) the first necessary condition is
3H2 + H˙ = U(ϕ) = Lk(φ,X)−X∂Lk(φ,X)
∂X
. (9)
Under the assumption that ϕ is an arbitrary function of φ and X , we now
rewrite Eq. (4) and then demand the result is consistent with Eq. (8) in the
sense it does not lead to further conditions of the fields.
Combining Eqs. (3) and (7) one gets
ϕ˙ =
√
−2X∂Lk
∂X
. (10)
Upon differentiation of the latter one obtains an expression for ϕ¨ which after
substitution in Eq. (4) and upon using condition (9) leads to[
∂Lk
∂X
+X
∂2Lk
∂X2
]
φ¨+ 3H
∂Lk
∂X
φ˙+
1
2
∂
∂φ
[
Lk − 2X∂Lk
∂X
]
= 0. (11)
Consistency between Eqs. (8) and (11) requires that
∂2Lk
∂X2
= 0. (12)
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Hence, Lk must be of the form
Lk = V (φ)X +K(φ), (13)
with K and V arbitrary functions of the k field φ and
U(ϕ) = K(φ), (14)
after using Eq. (9). The relation between the U andK must be understood in
the sense that they are the same when written as functions of cosmological
time, but different when written as functions of the individual fields. So,
whenever one of the fields is known, Eq. (14) fixes the other univocally. In
addition, Eqs. (10) and (13) give the following relationship between both
fields
ϕ =
∫ √
2V dφ. (15)
Conditions (14) and (15) are necessary and sufficient for the kinematical
equivalence of FRW quintessence and k-essence cosmologies.
Using Eqs. (13)-(15) in Eq. (11), we see that Eq. (4) reduces now to the
k-field equation (8) which now looks as
φ¨+ 3Hφ˙+
1
2V
[
dK
dφ
+
dV
dφ
φ˙2
]
= 0. (16)
Finally, it can be seen that the Lagrangians of quintessence and k-essence
Lq = −1
2
ϕ˙2 + U(ϕ), (17)
Lk = −V (φ)φ˙2 +K(φ), (18)
map into each other under transformations (14)-(15). These are the only
transformations which preserve the order of the field equations and make
those Lagrangians coincide.
Since the k-essence theoretical setup generated by the Lagrangian (13)
requires knowing the two functions K and V to control the k-field through
the field equation (16), we can restrict the model by imposing that the k-
essence Lagrangian be factorizable (as usual). That means we will take L =
V (φ)F (X), where V (φ) is the potential governing the k-essence and F =
X + 1 is the kinetic function, which depends on the kinetic energy X solely,
so K = V . Note that the latter restriction does not alter the relation between
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quintessence and k-essence fields (15). Thus, the k-field (16) equation gets
simplified to
φ¨+ 3Hφ˙+
1 + φ˙2
2V
dV
dφ
= 0. (19)
Table 1: Some k-essence potentials and their quintessence correspondence.
V (φ) U(ϕ)
λ e−φ
ϕ2
8
λ
1 + φ2
λ sech2
(
ϕ√
2λ
)
λ
φ2
λ exp

−
√
2
λ
ϕ


λ
φn
(n 6= 2)
[
((2− n)ϕ)2
8λ2/n
]n/(n−2)
λ
(1 + coshφ)2
(ϕ2 − 2λ)2
16λ
At this stage, it is worth moving on and illustrating our findings. We
begin by outlining in Table 1 some possible potentials for k-essence models,
and the corresponding potential for the quintessence counterpart. On the
first row we have the exponential potential, which was proposed as a po-
tential for the tachyon by Sen [18]. On the next three rows we have other
potentials proposed for the tachyon also. The first of those potentials [19]
becomes constant for small φ but goes like φ−2 for large φ. We see that the
associated quintessence potential has a simple trigonometric expression. On
the third row we have the pure inverse square potential [20], which leads to
an exponential quintessence potential as shown in [6]. On the fourth row we
have a power-law potential with a negative exponent [20], which for n < 1
leads to a power-law k-essence potential also with a negative exponent (recall
that observations restrict the exponent of power-law quintessence potentials
6
to be smaller than 0.99). Finally, on the last row, we present the k-essence
potential which leads to the famous double-well Duffing potential.
The list of potentials one could consider is neverending, but there is the
limitation of physical motivation on one hand and computational feasibility
on the other. One could for instance, consider the potential 1
U(ϕ) ∝
(
cosh 3ϕ+
1
cosh 3ϕ
)
(20)
for action (1), because it leads to a class of cosmological models which under
some particular initial conditions [21] are conventional Chaplygin cosmolo-
gies 2. Unfortunately, the expression obtained under application of (16) is
not invertible so this case is of little use and we will not consider it further.
¿From this equivalence perspective, one might also one to have a look at
generalized [22] and modified Chaplygin cosmologies [6]. The bad news is
that they seem to be derivable only from Born-Infeld Lagrangians, which do
not have a canonical kinetic term, and therefore these two classes of Chap-
lygin cosmologies cannot be classified as quintessence cosmologies. Indeed,
they are k-essence cosmologies, and more specifically representatives of the
so-called class of purely kinetic k-essence cosmologies (see [24] and the ref-
erences therein). This being so, what can be said about their equivalence to
quintessence models? This is an issue which, in fact, extends to a larger set
of Lagrangians, i.e., to that of factorizable Lagrangians.
Such a label corresponds to the Lagrangians of the form Lk = V (φ)F (X),
with V and F arbitrary functions of φ and X , and they are naturally mo-
tivated by string theory. Interestingly, k-essence models derived from fac-
torizable Lagrangians in which F (X) is a linear function of X mimic the
behavior of other models. Let us illustrate it for the case of the tachyon,
which corresponds to F = (1 + X)1/2. For |X| ≪ 1 one has F ≈ 1 + X/2
and it leads to the late time asymptotic of the scale factor. In [7] sets of
cosmologies with F functions admitting a power series expansion in the form
F (X) = F (0) + F ′(0)X + ...... were considered. At first order in X such
models behave like those one would obtain from (13) and the quintessence
effects will be more important than the k-essence ones. In contrast, effects
strictly due to the actual k-essence nature of the model will begin to become
non-negligible when the condition |X| ≪ 1 breaks down.
1A larger class of potentials containing this particular one was considered in [16].
2Different flavors of Chaplygin cosmologies have gathered much attention due to the
role they play as unified dark matter models [22, 23]
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3 Covariant proof for arbitrary spacetimes
In the last section, we have established the conditions for the kinematical
equivalence between FRW quintessence and k-essence cosmologies. In what
follows we are going to use the insight gained in the previous section regarding
the structure of Lk so as to demonstrate equivalent results for an arbitrary
spacetime.
Let us begin by imposing the condition that the geometry generated either
by quintessence or k-essence be the same. Put another way, this means we are
demanding the quintessence Einstein tensor G(q)µν be the same as the k-essence
one G(k)µν , thus
G(q)µν = T
(q)
µν ≡ G(k)µν = T (k)µν , (21)
where on the one hand T (q)µν is the stress-energy tensor of quintessence,
T (q)µν = ϕ,µϕ,ν − gµν
(
1
2
ϕ,σϕ
,σ + U(ϕ)
)
, (22)
and on the other hand T (k)µν is the stress-energy tensor of k-essence,
T (k)µν = 2
∂Lk
∂X
φ,µφ,ν − gµνLk, (23)
where X = φ,µφ
,µ. If we now rewrite the latter using (13), and then compare
with Eq. (22), it follows from identity (21) that the following two relations
must hold:
U(ϕ(xµ)) = V (φ(xµ)), (24)
ϕ,µ =
√
2V (φ(xµ))φ,µ. (25)
Multiplying by dxµ we get dϕ =
√
2V (φ) dφ, and by integration we obtain
the following prescription to relate the fields:
ϕ(xµ) =
∫ √
2V (φ(xµ)) dφ. (26)
This generalizes the relation (15) obtained previously in a more restrictive
case to situations in which the fields depend on both space and time coordi-
nates.
In addition, taking into account that the energy density and the pressure
of the k-essence fluid are ρ = Lk − 2(∂Lk/∂X) and p = −Lk respectively,
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one can see that the sound speed c2s = (dp/dX)/(dρ/dX) = 1 of a k-essence
model with (13) coincides with the sound speed of the quintessence fluid, so
this completes the proof. This result is in agreement with Ref. [15] where it
was shown that any scalar field action with a linear kinetic term has a speed
of sound equal to one.
4 Conclusions
Let us come to conclusions and discussion now. Quintessence and k-essence
are not the only dark energy candidates proposed so far, but they are very
popular, particularly the former. At this stage it is important to understand
not only from the observational point of view but also from a more funda-
mental one the degree of resemblance of these two setups. In what regards
observations, it has already been discussed that supernovae data alone are
unlikely to be able to do such discrimination. In contrast, if one combines
CMB and supernovae data some hint of non-equivalence could be obtained.
In broad terms this is due to the fact scalar perturbations of quintessence
and k-essence models do not follow the same rules (i.e., the corresponding
theoretical frameworks are dynamically inequivalent). We think, however,
that this topic has not been addressed in the literature in sufficient depth,
and we hope our work contributes to enlighten it.
We have first demonstrated that any quintessence is contained into k-
essence frame with a linear kinetic function, and we have obtained the pre-
scription that gives the q-field in terms of the k-field (this can be used to
relate the potentials of the two models). Then we have turned to the Ein-
stein field equations for an arbitrary spacetime and we have proved simply
and neatly the theoretical frame of quintessence can be fully included into
that of k-essence by extending the previously obtained relation among the ho-
mogeneous fields. Thus, each quintessence model is kinematically equivalent
to a k-essence model.
An interesting related result is that the true effects of k-essence begin at
second order in the expansion of the kinetic function in powers of the kinetic
energy.
Finally, coming back to the issue of observations, in the light of our results
we can say that a combination of CMB and supernovae data is not going to
tell us whether k-essence is preferable to quintessence, but rather what sort
of k-essence is admissible (the one generated by a linear kinetic function or
9
other alternative).
Acknowledgments
Thanks to A. Dı´ez Tejedor for conversations. L.P.C. is partially funded by
the University of Buenos Aires under project X224, and the Consejo Nacional
de Investigaciones Cient´ıficas y Te´cnicas. J.M.A. and R.L. are supported by
the University of the Basque Country through research grant UPV00172.310-
14456/2002, and by the Spanish Ministry of Science and Education through
research grant FIS2004-01626.
References
[1] S. Perlmutter et al. [Supernova Cosmology Project Collaboration], As-
trophys. J. 483 (1997) 565; P. M. Garnavich et al. [Supernova Search
Team Collaboration], Astrophys. J. 493 (1998) L53; S. Perlmutter et al.
[Supernova Cosmology Project Collaboration], Nature 391 (1998) 51;
A. G. Riess et al. [Supernova Search Team Collaboration], Astron. J.
116 (1998) 1009; B. P. Schmidt et al. [Supernova Search Team Collab-
oration], Astrophys. J. 507 (1998) 46.
[2] B. Ratra and P. J. E. Peebles, Phys. Rev. D 37 (1988) 3406; Ap. J.
Lett. 325 (1988) L17; C. Wetterich, Nucl. Phys. B 302 (1988) 668;
J. A. Frieman, C. T. Hill, A. Stebbins and I. Waga, Phys. Rev. Lett.
75 (1995) 2077; K. Coble, S. Dodelson and J. A. Frieman, Phys. Rev.
D 55 (1997) 1851; M. S. Turner and M. J. White, Phys. Rev. D 56
(1997) 4439; P. G. Ferreira and M. Joyce, Phys. Rev. Lett. 79 (1997)
4740; P. G. Ferreira and M. Joyce, Phys. Rev. D 58 (1998) 023503;
E. J. Copeland, A. R. Liddle and D. Wands, Phys. Rev. D 57 (1998)
4686; R. R. Caldwell, R. Dave, P. J. Steinhardt, Phys. Rev. Lett. 80
(1998) 1582; P. G. Ferreira and M. Joyce, Phys. Rev. D 58 (1998)
023503; L. M. Wang and P. J. Steinhardt, Astrophys. J. 508 (1998)
483; I. Zlatev, L. Wang, and P. J. Steinhardt, Phys. Rev. Lett. 82 (1999)
986; P. J. Steinhardt, L. M. Wang and I. Zlatev, Phys. Rev. D 59 (1999)
123504; I. Zlatev and P. J. Steinhardt, Phys. Lett. B 459 (1999) 570;
P. Bine´truy, Phys. Rev. D60 (1999) 063502; J. E. Kim, JHEP 9905
(1999) 022; M. C. Bento and O. Bertolami, Gen. Rel. Grav. 31 (1999)
10
1461; J. P. Uzan, Phys. Rev. D 59 (1999) 123510; T. Chiba, Phys. Rev.
D 60 (1999) 083508; L. Amendola, Phys. Rev. D 60 (1999) 043511.
[3] T. Chiba, T. Okabe and M. Yamaguchi, Phys. Rev. D 62 (2000)
023511; T. Chiba, Phys. Rev. D 66 (2002) 063514; C. Armendariz-Pico´n,
V. Mukhanov and P. J. Steinhardt, Phys. Rev. D 63 (2001) 103510.
[4] M. Malquarti, E. J. Copeland and A. R. Liddle, Phys. Rev. D 68 (2003)
023512; L. P. Chimento and A. Feinstein, Mod. Phys. Lett. A 19 (2004)
761; J. M. Aguirregabiria, L. P. Chimento and R. Lazkoz, Phys. Rev.
D 70 (2004) 023509; L. P. Chimento and R. Lazkoz, Phys. Rev. D 71
(2005) 023505; L. P. Chimento, M. Forte and R. Lazkoz, Mod. Phys.
Lett. A 20 (2005) 2075;
H. Kim, Phys. Lett. B 606, 223 (2005); R. Lazkoz, Int. J. Mod. Phys.
D 14 (2005) 635.
[5] M. Malquarti, E. J. Copeland, A. R. Liddle and M. Trodden, Phys. Rev.
D 67 (2003) 123503.
[6] L. P. Chimento, Phys. Rev. D 69 (2004) 123517.
[7] R. J. Scherrer, Phys. Rev. Lett. 93 (2004) 011301; L. P. Chimento,
M. Forte and R. Lazkoz, Mod. Phys. Lett. A 20 (2005) 2075.
[8] C. Armendariz-Pico´n, T. Damour and V. Mukhanov, Phys. Lett. B 458
(1999) 209; C. Armendariz-Pico´n, V. Mukhanov and P. J. Steinhardt,
Phys. Rev. Lett. 85 (2000) 4438; J. Garriga and V. F. Mukhanov, Phys.
Lett. B 458 (1999) 219 .
[9] L. P. Chimento, A. S. Jakubi and D. Pavo´n, Phys. Rev. D 62 (2000)
063508; W. Zimdahl and D. Pavo´n, Phys. Lett. B 521 (2001) 133;
L. P. Chimento, A. S. Jakubi, D. Pavo´n and W. Zimdahl, Phys. Rev. D
67 (2003) 083513; L. P. Chimento, A. S. Jakubi and D. Pavo´n, Phys.
Rev. D 67 (2003) 087302.
[10] L. Amendola and C. Quercellini, Phys. Rev. D 68 (2003) 023514.
[11] A. Melchiorri, L. Mersini, C. J. Odman and M. Trodden, Phys. Rev. D
68 (2003) 043509.
[12] P. S. Corasaniti and E. J. Copeland, Phys. Rev. D 65 (2002) 043004.
11
[13] A. Balbi, C. Baccigalupi, S. Matarrese, F. Perrotta and N. Vittorio,
Astrophys. J. 547 (2001) L89 .
[14] V. D. Barger and D. Marfatia, Phys. Lett. B 498 (2001) 67.
[15] J. K. Erickson, R. R. Caldwell, P. J. Steinhardt, C. Armendariz-Pico´n
and V. Mukhanov, Phys. Rev. Lett. 88 (2002) 121301.
[16] L. P. Chimento and A. S. Jakubi, Int. J. Mod. Phys. D 5 (1996) 71.
[17] C. Armendariz-Pico´n, Phd. Thesis, Ludwig-Maximilians-Universita¨t,
Mu¨nchen (2001).
[18] A. Sen, Mod. Phys. Lett. A 17 (2002) 1797.
[19] D. A. Steer and F. Vernizzi, Phys. Rev. D 70 (2004) 043527.
[20] Ph. Brax. J. Mourad, and D. Steer, Phys. Lett. B 575 (2003) 115.
[21] A. Y. Kamenshchik, U. Moschella and V. Pasquier, Phys. Lett. B 511
(2001) 265; F. Perrotta, S. Matarrese and M. Torki, Phys. Rev. D 70
(2004) 121304.
[22] M. C. Bento, O. Bertolami and A. A. Sen, Phys. Rev. D 67 (2003)
063003.
[23] R. J. Colistete and J. C. Fabris, Class. Quant. Grav. 22 (2005) 2813;
D. J. Liu and X. Z. Li, Chin. Phys. Lett. 22 (2005) 1600; Y. G. Gong,
JCAP 0503, 007 (2005); Z. H. Zhu, Astron. Astrophys. 423 (2004)
421; R. J. Colistete, J. C. Fabris and S. V. B. Goncalves, Int. J. Mod.
Phys. D 14 (2005) 775; M. Biesiada, W. Godlowski and M. Szyd-
lowski, Astrophys. J. 622 (2005) 28; O. Bertolami, A. A. Sen, S. Sen
and P. T. Silva, Mon. Not. Roy. Astron. Soc. 353 (2004) 329; A. Dev,
D. Jain and J. S. Alcaniz, Astron. Astrophys. 417 (2004) 847 (2004);
J. S. Alcaniz and J. A. S. Lima, Astrophys. J. 618 (2005) 16; M. Mak-
ler, S. Quinet de Oliveira and I. Waga, Phys. Rev. D 68 (2003) 123521;
J. V. Cunha, J. S. Alcaniz and J. A. S. Lima, Phys. Rev. D 69 (2004)
083501; M. C. Bento, O. Bertolami and A. A. Sen, Gen. Rel. Grav.
35 (2003) 2063; L. Amendola, F. Finelli, C. Burigana and D. Carturan,
JCAP 0307 (2003) 005; M. C. Bento, O. Bertolami and A. A. Sen, Phys.
Lett. B 575 (2003) 172; P. T. Silva and O. Bertolami, Astrophys. J. 599
12
(2003) 829; R. J. Colistete, J. C. Fabris, S. V. B. Goncalves and P. E. de
Souza, Int. J. Mod. Phys. D 13 (2004) 669; R. Bean and O. Dore, Phys.
Rev. D 68 (2003) 023515; J. S. Alcaniz, D. Jain and A. Dev, Phys. Rev.
D 67 (2003) 043514; M. Makler, S. Quinet de Oliveira and I. Waga,
Phys. Lett. B 555 (2003) 1; A. Dev, D. Jain and J. S. Alcaniz, Phys.
Rev. D 67 (2003) 023515; J. C. Fabris, S. V. B. Goncalves and P. E. De
Souza, Gen. Rel. Grav. 34 (2002) 2111.
[24] M. Novello, M. Makler, L. S. Werneck and C. A. Romero, Phys. Rev. D
71 (2005) 043515.
13
